We report on the status of the Canarias InfraRed Camera Experiment (CIRCE), a near-infrared visitor instrument for the 10.4 meter Gran Telescopio Canarias (GTC). Besides functioning as a 1-2.5 micron imager with a 3.4 × 3.4 arcminute field-of-view and 0.10 arsecond pixels, CIRCE will have the capacity for low and moderate resolution grism spectroscopy and imaging and spectro-polarimetry. Furthermore, it will be equipped with J, H, and Ks broad-band filters and a several narrow-band filters, including He I (2.058) and Brγ (2.16). We anticipate CIRCE's myriad capabilities will allow it to play a vital role in a variety of projects involving Xray binaries including: the search for counterparts to INTEGRAL sources in the heavily obscured Galactic Plane, follow-up spectroscopy of potential HMXB and LMXB counterparts, polarimetry and monitoring of microquasar flares, and the study of extragalactic XRB environments.
Introduction
The Gran Telescopio Canarias (GTC) is a 10.4-meter telescope currently under construction in La Palma, Spain. Upon completion, the GTC, a joint venture between Spain, Mexico, and the University of Florida, will be the world's largest optical/infrared telescope. While the final suite of GTC facility instruments will sample all crucial optical and infrared regimes, the first-generation of facility instruments does not include a near-infrared (NIR) camera. The Canarias InfraRed Camera Experiment (CIRCE) was envisioned to fill the crucial gap between the telescope's inception and the delivery of the second-generation NIR facility instrument EMIR. Further, CIRCE was designed with several features that will complement and augment future GTC instrumentation, ensuring its continued importance.
CIRCE functions as a cryogenic imager, grism spectrograph, and polarimeter and is similar in basic design to many modern near-infrared instruments. However, CIRCE's optical layout is more innovative, utilizing diamond-turned aspheric mirrors that yield superior throughput and image quality. The enclosed energy analysis shows that in the J-band, CIRCE will approach the diffraction limit in the center of the field. Even at the corners, one 9 micron pixel radius will contain >70% of the light from a point source. Furthermore, CIRCE's 3.4 × 3.4
′ field-of-view on the GTC is 25 times larger than NIRC on Keck and 3 times larger than NIRI on Gemini. Finally, the 0.10 ′′ plate scale provides seeing limited images even in excellent atmospheric conditions; preliminary models suggest that it will produce images with < 0.25 arcsec intrinsic FWHM.
We present the current status of CIRCE and briefly review a few projects involving X-ray Binary (XRB) and faint X-ray sources that will benefit from this NIR instrument.
Current Status
While many aspects of CIRCE are currently in advanced design and manufacture phases, we focus on the optical, opto-and cryo-mechanical designs.
Optical and Opto-Mechanical Design
The design and analysis of CIRCE's optical layout, composed of eight diamond-turned aspheric mirrors, is complete. The opto-mechanical design, consisting of 2-D and 3-D mechanical drawings of all optics and bracketing is also finished. Noting the size of the largest optic which is ∼ 25.4 cm × 25.4 cm × 15 cm, we lightweighted the more massive mirrors using a honeycomb technique that reduced the anticipated weight of the mirrors by up to 25%.
At this time, the final stages of the optical bench design are underway. The brackets and mirror blanks are currently in production at the University of Florida. We expect delivery of all critical pieces to Janos Technology, which will diamond-turn and gold-coat the mirrors and mount the optics on the optical bench, in three months. We anticipate return of the the completed bench to the University of Florida in six months.
Cryo-Mechanical Design
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Since one of the goals of CIRCE was to design, build, and integrate a powerful and useful instrument in a short amount of time, we chose to draw from the proffered expertise and skill of other instrumentation teams at the University of Florida. This design philosophy will also ensure the efficiency of all cryo-mechanical component production.
We modeled the CIRCE filter, grism, and lyot wheels and filter box after the FLAMINGOS-2 design. This assembly, now complete, holds five geared wheels. Of the five wheels, three will contain narrow-and broad-band filters. Each filter wheel will hold five filter cartridges designed for 70 mm-diameter, 6 mm-thick circular filters. The design of the grism wheel, positioned at the aft of the filter box, is similar to that of the filter wheels. The grism wheel will house four grism cartridges with one "open" space, for use when CIRCE is in imaging mode. While the lyot wheel is identical to the filter wheels, its specialized cartridges will allow us to tilt masks in the lyot stop to meet CIRCE's optical design specifications.
We completed design of the filter box and wheels and manufacture will soon be underway. We currently have the filter, grism, and lyot gear blanks in-hand, Upon completion, we will test each cryo-mechanism prior to integration using a specially designed test cryostat available at the University of Florida.
The CIRCE slit wheel at the telescope focal plane offers a new challenge. The envelope specifications of the GTC place specific limitations on the slit wheel design. To overcome these constraints, we are currently studying several options, including a novel slide and decker combination. We will continue to explore these concepts in the coming months and expect design completion before the return of the optical bench.
For the CIRCE cryostat, we used cryostat designs from both FLAMINGOS and FLAMINGOS-2 as a basis. The CIRCE cryostat is now nearing the final design phases and will be sent for manufacture in the coming months.
CIRCE and XRB Science
The recent influx of observations from Chandra (Muno et al. 2006) and INTEGRAL X-ray surveys offers an unparalleled opportunity to characterize XRB populations. However, to use these data to full advantage, ground-based follow-up observations of individual sources are necessary.
Envisioned as a "workhorse" NIR instrument, CIRCE, with its plethora of observing modes, will be a powerful tool in the classification and study of potentially interesting XRBs, especially in highly extinguished regions of the Galactic Plane.
Imaging
Broad-band J, H, and Ks imaging will be key in deep searches for infrared counterparts to X-ray sources. Furthermore, narrow-band Brγ and HeI observations will help discriminate between potential candidates in crowded fields, reducing the time spent on spectroscopy of spurious sources.
Spectroscopy
CIRCE's low and moderate resolution grism spectroscopy will allow radial velocity and line variability studies of X-ray sources. Multi-epoch spectral data will help identify High Mass X-ray Binaries (HMXBs), Low Mass X-ray Binaries (LMXBs) and Colliding Wind Binaries (CWBs).
Polarimetry
Particularly exciting is CIRCE's capabilities as an imaging and spectro-polarimeter. One of a mere handful of polarimetric instruments on 10-meter class telescopes, CIRCE will allow us to measure the polarization of microquasar flares, potentially permitting us to constrain theories regarding the composition of the relativistic jets.
Conclusion
The Canarias InfraRed Camera Experiment (CIRCE) and the Gran Telescopio Canarias (GTC) will offer the opportunity to explore a myraid of XRBs and faint X-ray objects. Scheduled for first light soon after the completion of the GTC, we believe CIRCE will be one of many new NIR instruments on 10-m class telescopes that help to revolutionize the field of XRB astronomy.
